ABSTRACT
Patients who meet clinical criteria for brain death are legally dead as established by The United States Uniform Determination of Death Act and discussion of organ donation may proceed. In 1995, the American Academy of Neurology published practice parameters for brain death determination which suggested 2 examinations separated by an arbitrary observation period of 6 hours. 1 The American Academy of Pediatrics established guidelines in 1987 for determining brain death in children calling for 2 examinations plus confirmatory testing, separated by intervals ranging from 12 to 48 hours. 2 In an effort to facilitate brain death determination, the New York State Department of Health convened a panel of experts. This panel published their recommendations in the New York State Department of Health Guidelines for Determining Brain Death in 2005, which included a single apnea test and 2 clinical brain death examinations separated by an arbitrary 6-hour observation period. 3 Based on these guidelines, all New York hospitals require 2 clinical brain death examinations separated by a 6-hour observation interval. The only interinstitu-tional variability among New York hospitals are restrictions imposed on the credentials of the examiner for brain death determination. Some hospitals allow house staff or intensivists to perform brain death examinations while others are more restrictive and require neurologists or neurosurgeons.
We reviewed data regarding timeliness of brain death determination for 1,311 brain dead adult and pediatric patients. The relationship between the brain death interval and organ donation was analyzed. The data also allowed an analysis of the yield of a second examination.
METHODS An organ procurement organization (OPO) is
the organization designated by the federal government that coordinates the consent and recovery of donated organs and tissues. The OPO for the 5 boroughs of New York City, Long Island, and the 5 lower counties of Hudson Valley is the New York Organ Donor Network (NYODN). It is the second largest OPO in the country and services a population of 13 million people including over 100 hospitals.
The brain death interval, time between the first and second clinical examination for brain death, was analyzed for all brain dead patients within the NYODN service area during the period between June 1, 2007, and December 31, 2009. This period was selected because the NYODN converted to an electronic medical record database on June 1, 2007, allowing retrospective review. The data were analyzed using STATA and Microsoft Business Intelligence Development Studio software. Patients less than 1 year of age were excluded due to the recommended prolonged observation period separating 2 clinical examinations and the frequent need for an EEG or cerebral blood flow study to confirm brain death in this population. Additionally, 14 patients with a brain death interval greater than 96 hours were excluded because of their extreme outlier status as defined as mean ϩ3 SD (mean ϭ 19.2 hours, SD ϭ 13.59, mean ϩ 3 SD ϭ 60 hours). Although t tests, analysis of variance, and regression are robust, the results can be influenced by extreme outliers. Deleting extreme outliers makes the statistical methods including calculation of p values more reliable.
The mean brain death interval was compared across age groups, gender, race, cause of death, and hospital size (as characterized by number of beds) using unpaired t tests and one-way analysis of variance using the log-transform of the brain death interval (hours) as the dependent variable to meet the assumptions of these statistical tests. The outcomes of brain dead donor referrals by day of week were compared using 2 tests. The frequency of the first brain death examination was compared by day of week using modified t tests to account for unequal variances between groups. The mean brain death interval by day of week was compared using unpaired t tests. The dependence of the outcomes "donor" vs "family decline" on duration of the brain death interval was analyzed using binary logistic regression. Regulatory requirements by The Centers for Medicare and Medicaid Services and The Joint Commission and the New York State Department of Health require hospital staff to call the NYODN when a patient is being evaluated for brain death. The NYODN region has a hospital compliance rate of 94% based on retrospective chart reviews performed quarterly for all hospital deaths. Patients not recognized as meeting brain death criteria or not referred to the NYODN were therefore not included in this study.
The outcomes of brain dead referrals made to the NYODN are defined by 5 groups. Standard protocol approvals, registrations, and patient consents. The Western Institutional Review Board which services the NYODN reviewed this study. Since all study subjects were dead, they did not meet the definition of human subjects and a waiver of consent was granted. Patient records were reviewed retrospectively using the NYODN electronic medical record database but were not individually identifiable.
RESULTS
During the study period, a total of 1,311 patients greater than 1 year of age were referred to the NYODN and underwent 2 clinical examinations for brain death. Of those, 1,155 patients were referred before the first brain death examination, while an additional 144 patients were referred after the first examination and 12 were referred after the second brain death examination. Our study included 1,229 adults and 82 children between 1 and 18 years of age (table 1) . The results illustrate a significant delay in the diagnosis of brain death across the 100 New York hospitals serviced by the NYODN. The average brain death declaration interval between 2 clinical examinations was 19.2 hours (median ϭ 18.5 hours) for 1,311 patients across 88 hospitals. The figure shows widespread variability in mean brain death declaration intervals across the 88 hospitals studied. The time from hospital admission to first clinical brain death examination was also reviewed for the 1,281 patients who had a first brain death examination within 30 days of hospital admission. The mean interval between hospital admission and first brain death examination was 93 hours and the median interval was 57 hours. Our study confirms the accuracy of a single clinical brain death examination plus an apnea test or confirmatory test when an apnea test cannot safely be performed or is contraindicated. No adult (n ϭ 1,229) or pediatric (n ϭ 82) patient who met the criteria for brain death during the first clinical brain death examination and who received an apnea test, or confirmatory test, was later found to have return of brainstem reflexes or breathing drive during the second clinical brain death examination.
Grouped by hospital, the mean brain death interval ranged from 3 hours to 50 hours. There were 25 hospitals with Ͻ251 beds, 33 hospitals with 251-500 beds, 21 hospitals with 501-750 beds, and 9 hospitals with Ͼ750 beds. The mean brain death interval was shorter for hospitals with greater than 750 beds (16.0 hours) compared to that of hospitals with 0 -750 beds (19.9 hours) ( p ϭ 0.0015). Table 1 illustrates a significant variation in the mean brain death interval across 5 ethnic groups. The mean brain death interval was shortest for white patients and longest for African American patients. The mean brain death interval was also significantly affected by cause of brain death, with more time for a brain death determination in patients with anoxicischemic injury as the cause of brain death.
We also observed considerable variation in frequency and duration of brain death determination by day of week. A 26% reduction in clinical examination for brain death was seen on weekends, with a mean of 150 examinations per weekend day compared to weekdays with a mean of 202 per day when brain death determination appeared to be more routine ( p ϭ 0.0018). The rate of first brain death examination increased by 45% early in the week, with a mean of 217 examinations per day on Monday and Tuesday ( p ϭ 0.0016). The timeliness of brain death determination was also significantly affected by the day of the week. The brain death interval was prolonged on Saturday and Sunday, with the mean brain death interval values (log transformed) being 12% lower during weekdays compared to weekends ( p ϭ 0.0021). The range of the mean brain death interval by day of week was 18.1 to 21.9 hours. Table 2 demonstrates that as the brain death interval increased, the outcome of "donor" decreased. Brain death intervals were divided into 5 groups based on duration in hours. The outcome of "donor" decreased from 57% to 45% as the brain death interval progressively increased for each of 5 consecutive brain death interval groups. Moreover, the outcome of "family decline" increased from 23% to 36% as the brain death interval increased. The outcome of "cardiac arrest" increased 155% as the brain death interval increased. A total of 166 (12%) potential donors sustained a cardiac arrest: while awaiting completion of the brain death evaluation, 116 had a cardiac arrest between the first and second brain death examination and 50 had a cardiac death after the second brain death examination.
The dependence of the outcomes "donor" vs "family decline" on duration of the brain death interval was analyzed using binary logistic regression. Note that the brain death interval in table 2 is on a logarithmic scale. The outcome logit ϭ log[prob(donor)/prob(decline)] is regressed on logarithm of time to brain death. The change coefficient estimate is -0.212951, supporting the observation that the probability of organ donation decreases while the probability of family decline increases with prolonged brain death determination ( p ϭ 0.015).
It is possible that the covariates age, sex, and race account for the effect attributed to brain death determination interval. The binary logistic model was extended to include covariates. Initially age and sex were included with brain death interval as explanatory factors. Recall that age and sex were not related to brain death interval (table 1) . In the extended model, the effect of brain death interval was the same as in the restricted model (coefficient ϭ Ϫ0.215, p ϭ 0.015), after accounting for age and sex. The covariates had an additional effect, independent of brain death interval (age: p ϭ 0.003; sex: p ϭ 0.011.). The effect from including race in the model was more complicated since race was related to brain death interval (table 1) and it would not be possible to separate the effects of race and brain death interval. With the model including age, sex, race, and brain death interval, the effect of brain death interval after accounting for the other factors was near significance (coefficient ϭ Ϫ0.168, p ϭ 0.06).
DISCUSSION
The lack of global consensus regarding brain death determination has created widespread variability in practice patterns throughout the world, particularly with regard to the number of physicians, expertise and clinical examinations required, and the observation period between the 2 examinations. 4 Variation exists within the United States as well, with a single clinical examination required by many major medical institutions, 5 but 4 examinations required at Staten Island University Hospital in New York. Some policies require a neurologist or neurosurgeon to participate in brain death determination, yet one study showed their performance not to be superior to that of other physicians. 6 Similarly, clinical practice in children varies greatly. 7 Over the years, brain death criteria have changed since the ad hoc committee from Harvard Medical School published their pivotal report in 1968. 8 Several additional restrictions have presumably been introduced to function as safeguards. Although 2 entirely different procedures, brain death determination and organ donation are closely linked. Federal and state laws require a hospital representative to contact their organ procurement organization following the determination of brain death. One reason for delaying the diagnosis of brain death-using repeat examinations-may have been to avoid the perception of physicians "rushing for organ donation" if patients are declared brain dead "too soon."
We demonstrated a significant delay in the diagnosis of brain death as a result of a second examination resulting in negative consequences for organ donation and procurement of organs. The mean observation period between the 2 brain death examinations was substantially longer than the 6 hours proposed in the New York State Guidelines. In several patients, a second brain death examination was performed more than 1 1 ⁄2 to 2 days after the first examination.
Hemodynamic instability begins immediately after brain death and is recognized by hypotension, cardiac arrhythmias, and diabetes insipidus, usually requiring vasoactive agents, thyroxine, and vasopressin. We showed that organ donor viability declined as the brain death interval increased. Potentially suitable donors whose families might have valued the opportunity for organ donation lost the chance secondary to donor hemodynamic collapse or cardiac arrest. Regrettably, 116 patients sustained a cardiac arrest while awaiting a second brain death examination, and an additional 50 patients arrested after the second brain death examination, following the brain death interval. Cardiac arrest was a direct result of the requirement of a second clinical examination and observation period. The capricious nature of brain death diagnosis was illustrated by a 26% weekend drop in brain death examination. Since brain death determination triggers an approach for organ donation, we speculate that more organs might become available if weekend brain death determination followed a weekday pattern. Even more potentially concerning is that during our study period, 656 patients referred for organ donation sustained a cardiac arrest before any brain death testing was initiated. Although these referrals did not meet the criteria for brain death, we suspect a considerable number of these patients were physiologically brain dead but were never diagnosed as such, perhaps because it was a weekend. While none of these patients were included in our study, some could potentially have become organ donors had a diagnosis of brain death been made prior to cardiac arrest.
The diagnosis of brain death requires comprehensive and time-consuming clinical evaluation. No published data suggest that a second assessment by a different physician reduces error or the possibility of an erroneous brain death diagnosis. 9 Our data confirm that no patient showed signs of neurologic recovery during the brain death interval while awaiting the second clinical examination. Bereft families at the bedside of a dying patient in the intensive care unit (ICU) are under tremendous stress. There may be confusion as to why a second brain death examination must be performed if a loved one is, in fact, dead. This uncertainty may impart false hope to the contrary. The longer a family waited for the diagnosis of brain death, the less likely they were to consent to organ donation. We attribute this to the extra day of prolonged suffering experienced by families as a direct result of the unnecessarily prolonged process of brain death determination. Another negative effect of delayed brain death diagnosis is the profligate use of an additional costly ICU day of postmortem care for brain dead patients awaiting a second clinical examination. During our study period, the brain death interval cost the region an additional $2,470,000 based on the actual variable cost of $1,900 per ICU day (source: NSLIJ Health System Finance Department, 2008). This translates to an additional annual cost burden of $1,000,000 per year.
This study was limited by the fact that our data included only those brain dead patients referred to the NYODN. Although federal and state laws require referral for all brain dead patients, compliance may vary by hospital and patients may have been declared brain dead without referral. We also excluded patients younger than 1 year of age and patients for whom brain death declaration took more than 96 hours. It should be noted that New York State requires reasonable accommodation for those families who oppose a brain death diagnosis based on moral or religious beliefs. We were unable to ascertain this factor in our dataset. For such patients, brain death is diagnosed in the usual manner, but the ventilator is continued until cardiac death occurs or in some hospitals a period of 72 hours. Additionally, our data do not contain information about the specialty of the examiner or their level of competence in the diagnosis of brain death. The generalizability of our results outside of New York is also unknown.
There are 108,156 patients registered with the United Network for Organ Sharing in need of an organ. Nineteen people die each day waiting for a lifesaving organ.
10 A single donor can save the lives of 8 people through organ donation and improve the lives of countless others with tissue donation. 11 We expect that a single brain death examination for patients greater than 1 year of age is accurate when performed by a skilled physician. The negative impact on organ recovery due to a delay in the declaration of brain death is a direct result of an unnecessary second neurologic exam- Table 2 illustrates the outcomes of 1,311 brain dead patients grouped into 5 brain death intervals: less than 6 hours, 6-10 hours, 11-20 hours, 21-40 hours, and greater than 40 hours. Organ donation decreases as the brain death interval increases. The family decline rate increased with protracted brain death determination. The outcome of cardiac arrest increased 155% from the shortest to the longest brain death interval. In addition to the 50 cardiac arrests following the second brain death examination, another 116 patients had cardiac arrest after the first brain death examination but prior to completion of the second brain death examination.
ination. With this delay, additional unwanted ICU costs are incurred. A more recent evidence-based guideline published by the American Academy of Neurology in 2010 suggests that one neurologic examination is sufficient to pronounce brain death. 12 Our study supports a single examination for brain death determination. The implications of a delayed brain death diagnosis for potential organ recipients-using repeated examinations-are substantial. 
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